Mechanical face seals are widely used in rotating equipment such as pumps, turbines and agitators to prevent leakage. Current environmental regulations demand stringent requirements on the safe operation as well as service longevity of seals. To achieve these objectives, careful attention must be directed to the factors that affect the performance and behavior of a mechanical seal including friction, wear, and heat generation between the seal rings. To this end, proper cooling of conventional mechanical seals is of paramount importance.
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ABSTRACT
Mechanical face seals are widely used in rotating equipment such as pumps, turbines and agitators to prevent leakage. Current environmental regulations demand stringent requirements on the safe operation as well as service longevity of seals. To achieve these objectives, careful attention must be directed to the factors that affect the performance and behavior of a mechanical seal including friction, wear, and heat generation between the seal rings. To this end, proper cooling of conventional mechanical seals is of paramount importance.
Many notable publications have devoted significant research toward understanding the nature of the thermal aspects of mechanical seals. For example, Buck [1, 2] provides a simplified approach for determining the seal temperature based on an analytical model that treats a seal as a fin. Pascovici & Etsion [3] studied the thermohydrodynamic behavior of a mechanical face seal. Lebeck [4] considered many of the important effects caused by the thermal environment such as thermally induced radial taper, thermally induced waviness, heat checking and hot spotting, and blistering. Jang and Khonsari [5] extended the theory of thermoelastic analysis to predict the critical speed at which hot spots can occur on the surface of a seal.
Most of these studies lack the consideration of flow around the rings of the mechanical seals as induced by the influx of flush fluid. Clearly, the convective heat transfer of a seal is depended upon the flow characteristics of the cooling fluid. Research papers by Merati et al. [6, 7] are a series of noteworthy publications describing a computational model for predicting the flow field in a seal chamber. Also reported in their research paper, was the temperature distribution within the stator of a mechanical seal and Nusselt numbers on the wetted surfaces of the seal components. In the present paper, we focus our attention to the flow inside a seal chamber as induced by the influx of the flush fluid and the rotating ring.
The prediction of the flow in a seal chamber is indeed complex. It requires a detailed computational fluid mechanics (CFD) analysis to understand the flow behavior. This subject has not received adequate attention in the tribology literature. Generally speaking, most mechanical seals use a radial inlet port through which flush fluid enters the chamber in which a rotating (primary) ring and a stator ring mate. The flush fluid-often taken from the process fluid-functions as a coolant as it flows over the rings and through the coaxial cylindrical space between the gland and the rings.
Let us now turn our attention to the pertinent published CFD analyses. There have been some studies on the subject of flow in cylindrical container or pipe of flow around a cylinder. For example, Verzicco et al. [8, 9] investigated the flow in an impeller stirred tank using an immersed boundary method. Lopez et al. [10] and Shen [11] came up with a numerical scheme for solving the three-dimensional NavierStokes equations in primitive variables in a cylinder. Their scheme is based on a spectral-Galerkin approximation for the space variables and a second-order projection scheme for time. Some numerical results with moderate rotating Re numbers were presented in that paper. Both of these studies concentrated on rotating flow which then stirred the axial and radial velocity. Similar to Ref. [6, 7] , these publications concentrated on the flow induced by one direction of flow either by axial or azimuthally. Rarely is the flow induced by radial flux studied in the open literature. In mechanical seals, this kind of flow plays a major role.
The present study is concerned with the flow around the rings induced by influx of flush and the rotation of the primary ring, which is affixed to the pump shaft and rotates at the same speed. Despite the relatively simple geometry involved, the simulation of these flows is challenging. Difficulties stem from relatively high rotating speed of the primary rings (generally 3600 rpm or greater) and fairly high flow rate (typically, 63.1 cm 3 /s or 1 gpm) entering radially inward through a small hole in the gland and impinging on the seal rings. Both of these factors tend to cause computational instability. In this paper, we derive the appropriate flow equations and boundary conditions using the pressure correction method posed in cylindrical coordinates. The solution methodology, verification, and the results of several case studies comprise the content of this paper.
The model has been used to predict the performance of a mechanical seal in operation.
In Fig. 1 , we show the drawing of the mechanical seal installation in our study. Fig. 2 shows the streamlines around the rings. A CFD analysis of the flow inside the chamber of a seal is preformed and a series of flow simulations for the flow around the mechanical seal rings is presented. In this paper only laminar flow is considered. This applies when the fluid has a high viscosity such is the case when engine oil is used. Under the conditions simulated, the results indicate that the thickness of the dense streamlines adjacent to the rotating ring varies approximately linearly with the flush rate. It is also shown that for a certain rotating speed (usually lower rotating speed of less than 7200 rpm in our case), it is not necessarily advantageous to increase the rate of flush because some of the flush will exit directly without offering much cooling effect on the rings. Therefore, cooling is not necessarily enhanced if the flush rate is increased beyond a certain rate. 
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